T HE 1984 REPORT OF THE JOINT National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure recognized that patients with diabetes mellitus represented a special population. 1 In 1993, the fifth report of the Joint National Committee recommended that the treatment goal for patients with diabetes should reduce blood pressure (BP) to less than 130/85 mm Hg. 2 This lower goal was based primarily on data from the 1501-patient cohort with diabetes enrolled in the Hypertension Optimal Treatment (HOT) trial, 3 which suggested reduced cardiovascular outcomes for 501 patients assigned to a diastolic treatment goal of less than 80 mm Hg compared with those assigned to treatment goals that allowed for higher BP. Data from the United Kingdom Prospective Diabetes Study (UKPDS) group 4, 5 showed that patients with diabetes and hypertension assigned to a tight BP goal group had reduced macrovascular and microvascular outcomes. In 2002, the American Diabetes Association recommended that the BP treatment goal for patients with diabetes should be less than 130/80 mm Hg, which it reaffirmed in 2010. [6] [7] [8] In keeping with epidemiological data suggesting that there is no evidence of a threshold on adverse outcomes for BP to approximately 115/75 mm Hg, 9 the American Diabetes Association concluded that "there is no threshold value for BP, and risk continues to decrease well into the normal range." 10 In 2003, the seventh report of the Joint National Committee 11 and guidelines from many other national and international societies 12 confirmed the lower BP treatment goal of less than 130/80 mm Hg for patients with diabetes, and in 2007 the American Heart Association Scientific Statement recommended that this lower BP treatment goal be expanded to include patients with coronary artery disease (CAD), stable or unstable angina, and myocardial infarction with or without ST elevation. 13 A recent study involving patients without diabetes but who had hypertension reported that patients randomly assigned to a tight-control BP (systolic BP Ͻ130 mm Hg) treatment group had a significantly lower prevalence of left ventricular hypertrophy, an intermediate outcome known to be a strong predictor of cardiovascular outcomes, and had a significantly reduced risk of a secondary outcome, which included cardiovascular morbidity or all-cause mortality. 14 However, other studies [15] [16] [17] [18] involving patients with hypertension and CAD reported a J-shaped relationship between BP and cardiovascular morbidity and mortality, which has been attributed primarily to associated health conditions and not to specific antihypertensive treatment. Importantly, among patients with diabetes, hypertension, and CAD, we reported a significant increase in cardiovascular risk among those who achieved a systolic BP of 110 mm Hg or lower, 19 questioning the notion that there is no threshold for BP lowering recently espoused by the American Diabetes Association, American Heart Association, and others.
Data from the HOT trial 3 were used to support the current recommendation for a lower diastolic BP goal for patients with diabetes. However, there are limited data about patients with diabetes to support such a recommendation for lower systolic BP, 11, 20 
METHODS

Study Design
This is an observational, secondary analysis derived from INVEST, which was a prospective, randomized trial comparing clinical outcomes of 22 576 patients with hypertension and CAD enrolled between September and December 2000 and followed up through March of 2003. Inclusion and exclusion criteria, study design details, and full results have been published. 21, 22 Briefly, after undergoing an extensive cardiovascular history and physical examination, clinically stable patients were randomly assigned to receive either a calcium antagonistbased or ␤-blocker-based antihypertensive treatment strategy. The calcium antagonist-based strategy consisted of initiation with verapamil sustained release, followed by the addition of the angiotensin-converting enzyme inhibitor trandolapril as second-line therapy and hydrochlorothiazide added as thirdline therapy. The ␤-blocker-based strategy consisted of initiation with atenolol, followed by the addition of hydrochlorothiazide as second-line therapy, and the addition of trandolapril as thirdline therapy. For patients with diabetes at the time of enrollment, trandolapril was recommended as part of initial therapy, regardless of treatment strategy assignment. Patients were evaluated every 6 weeks for the first 6 months and then biannually for at least 2 years to assess BP, adherence to medication, and adverse cardiovascular outcomes. The protocol was conducted in accordance with principles outlined in the Declaration of Helsinki, and institutional review boards and ethics committees at participating sites approved the protocol. Patients provided written informed consent. Overall, the strategies were equivalent in preventing allcause death, nonfatal myocardial infarction, or nonfatal stroke. The primary outcome was the first occurrence of all-cause death, nonfatal myocardial infarction, or nonfatal stroke. The secondary outcomes included allcause death, nonfatal MI, and nonfatal stroke individually. 22 A total of 6400 patients (28%) had diabetes at baseline (defined by a history of physician-diagnosed diabetes, use of oral hypoglycemic medication or insulin, or both). Because race/ethnicity is known to influence cardiovascular outcomes, data were collected to characterize race/ethnicity based on patient report with interaction by site investigator, choosing all that were applicable among the following options: white, black, Asian, Hispanic, or other. We have previously published the characteristics and outcomes concerning this cohort according to treatment strategy and found no significant differences comparing the 2 treatment strategies. 19 The current analysis was designed to investigate the effects of systolic BP achieved on risk of cardiovascular events in the cohort with diabetes during protocol-specified follow-up. To further assess the longterm cumulative effect on all-cause mortality, we searched the National Death Index for patients with diabetes who were enrolled in participating US sites up to 5 years after study follow-up. To be considered a confirmed death, we required 4 of 5 matches among the following: name, Social Security number, date of birth, city, and state.
Statistical Analysis
Patients were categorized into 3 groups by their average systolic BP while taking study medication: tight control, less than 130 mm Hg; usual control, 130 mm Hg to less than 140 mm Hg; or un-controlled, 140 mm Hg or higher. Baseline characteristics of these 3 BP groups were compared using analysis of variance for continuous variables and the 2 test for categorical variables. Average systolic BP was calculated for each patient using all but their baseline BP measurements until they died, experienced nonfatal myocardial infarction or nonfatal stroke, or were censored. All patients had at least 1 available BP measurement. For analyses performed during follow-up, patients who did not experience any component of the primary outcome were censored at the last study visit. For the extended follow-up analysis, patients who did not appear in the National Death Index were censored on the day the death index search was completed. Outcomes were assessed with Kaplan-Meier plots, and a stepwise Cox proportional hazard regression model was used to evaluate the role of systolic BP on risk of the primary outcome with the usual-control group as the reference. To better understand risk of very low systolic BP among patients in the tight-control group, we further categorized systolic BP of less than 130 mm Hg in 5-mm Hg segments. A stepwise Cox proportional hazard regression model was used to estimate hazard ratios (HRs) with 95% confidence intervals (CIs) for risk of allcause mortality (125 mm Hg to Ͻ130 mm Hg as the reference). Prespecified covariates forced into the models included treatment strategy, age in decades, race/ethnicity, sex, history of prior myocardial infarction, and heart failure. Other baseline covariates were selected for entry in the model on the basis of a P value of .20 or less and were retained in the model for a P value of .05 or less. To test the validity of the findings, several sensitivity analyses were performed, including removal of patients with heart failure, removal of BP measurements obtained during the first 6 months of the study, evaluation of outcomes at the 6-month and 1-year time points, and inclusion of terms for baseline systolic BP and change in systolic BP in a Cox proportional hazard regression model.
The overall significance level for the study was P Ͻ .05 using a 2-sided test. At an ␣ level of .05, there was greater than 80% power to detect an HR of 1.12 or greater. All analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, North Carolina).
RESULTS
Baseline Characteristics and BP Control
Of the 22 576 INVEST participants, 6400 had diabetes at the time of enrollment. Their mean age was 66 years, 54% were women, and they had a mean body mass index of 30, calculated as weight in kilograms divided by height in meters squared (TABLE 1). Patients were followed up over a total of 16 893 patient-years, and 35.2% were observed to have tight control; 30.8%, usual control; and 34%, uncontrolled systolic BP.
Analysis According to BP Achieved
In accordance with our previous analysis, 19 there was no difference comparing treatment strategies with regard to BP lowering in any of the groups. Mean (SD) systolic BP reduction at 24 months in the tight-control group were taking 3 or more antihypertensive drugs, whereas more than two-thirds of patients in the usual-control and uncontrolled groups were taking 3 or more antihypertensive agents. Importantly, 75% or more of patients in all 3 groups were taking a renin angiotensinsystem blocking agent.
Primary and Secondary Outcomes
The primary outcome occurred in 12.7% of those in the tight-control group (adjusted HR, 1.11; 95% CI, 0.93-1.32), 12.6% of the usual-control group (reference), and 19.8% of the uncontrolled groups (adjusted HR, 1.46; 95% CI, 1.25-1.71; P value for trend, Ͻ.001). TABLE 2 summarizes incidence and rate of the primary and secondary outcomes by group. Supporting our prior analysis, 19 there was no significant difference in occurrence of the primary outcome in any of the groups by treatment strategies using the atenolol strategy as the reference. The HR for the tight-control group was 0.92 (95% CI, 0.73-1.16; P=.46); for the usual-control group, 1.05 (95% CI, 0.82-1.35; P = .69); and for the uncontrolled group, 1.14 (95% CI, 0.94-1.38; P=.18).
The primary and secondary outcomes, including nonfatal myocardial infarction, nonfatal stroke, and allcause mortality, were significantly different comparing the 3 groups (FIGURE 1 and FIGURE 2) . For allcause mortality, there was a significant increase in risk for the tightcontrol group compared with the usualcontrol group (log-rank P = .04; Figure 2 ). After adjustment for baseline differences, the risk remained elevated, although not statistically significant (11.0% for the tight-control group vs 10.2% for the usual-control group; adjusted HR, 1.20; 95% CI, 0.99-1.45; P =.06). The extended follow-up analysis for all-cause mortality in the US cohort showed that a total of 841 deaths had occurred in the 5 years immediately following the close of Overall log-rank P <.001 Tight control vs usual control log-rank P = .19
Primary outcomes are a composite of the first occurrence of all-cause death, nonfatal myocardial infarction, or nonfatal stroke. INVEST. Two hundred forty-four patients died in the tight-control group; 248 in the usual control group; and 349 in the uncontrolled group. When evaluating all-cause mortality for the entire follow-up period, risk was not significantly different comparing the tightand usual-control groups (log-rank P = .06; Figure 2 ), but after adjustment, risk of all-cause mortality was significantly greater in the tight-control group (22.8%) than in the usual-control group (21.8%; adjusted HR, 1.15; 95% CI, 1.01-1.32; P=.04).
All of the sensitivity analyses performed confirmed our overall observation of no difference in risk of the primary and all-cause mortality outcomes comparing the tight-and usual-control groups. After exclusion of the 521 patients with heart failure at baseline, the adjusted HR for the primary outcome was 1.07 (95% CI, 0.89-1.29; P =.48); for all-cause mortality, 1.17 (95% CI, 0.95-1.44; P = .15). After excluding the first 6 months of BP measurements, when BP was most variable, the adjusted HR for the primary outcome was 1.16 (95% CI, 0.95-1.41; P=.16); for allcause mortality, 1.25 (95% CI, 1.00-1.55; P =.05). Evaluation of outcomes during the first 6 months of follow-up resulted in an adjusted HR of 0.92 (95% CI, 0.58-1.45; P = .70) for the primary outcome and 0.95 (95% CI, 0.56-1.60; P = .84) for the all-cause mortality. Similarly, outcomes during the first 12 months of follow-up resulted in an adjusted HR of 1.08 (95% CI, 0.79-1.48, P = .61) for the primary outcome and 1.17 (95% CI, Overall log-rank P <.001 Tight control vs usual control log-rank P = .49
Overall log-rank P <.001 Tight control vs usual control log-rank P = .38 Overall log-rank P <.001 Tight control vs usual control log-rank P = .04
Overall log-rank P <. FIGURE 3) .
COMMENT
The goal of treating hypertension in patients with diabetes is to prevent associated macrovascular and microvascular morbidity and mortality. Although for almost 20 years guidelines have recommended lower BP goals in patients with diabetes, 2 there is a paucity of evidence supporting this recommendation, particularly for lower systolic BP. 11, 20 In this observational study, we have shown for the first time, to our knowledge, that decreasing systolic BP to lower than 130 mm Hg in patients with diabetes and CAD was not associated with further reduction in morbidity beyond that associated with systolic BP lower than 140 mm Hg, and, in fact, was associated with an increase in risk of all-cause mortality. Moreover, the increased mortality risk persisted over the long term.
The HOT study, which assigned participants to 3 different diastolic BP goals, showed that patients overall and those assigned to the subgroup of patients with diabetes who were assigned to the 80 mm Hg or less group had significantly reduced adverse outcomes compared with those assigned to higher diastolic BP groups. 3 However, although achieved BPs were not reported for the diabetes subgroup, overall, patients assigned to the 80 mm Hg or lower diastolic BP group actually achieved a mean (SD) BP of 139.7 (11.7)/81.1 (5.3) mm Hg, and only approximately 6% of the HOT population had CAD at entry. 3 The UKPDS, which enrolled only patients with diabetes, showed that patients assigned to the tight BP control group (Ͻ150/85 mm Hg) actually achieved a mean (SD) BP of 144 (14)/82 (7) mm Hg over 9 years of follow-up, which was associated with a significant reduction in microvascular and macrovascular events. 4 Although both of these landmark trials provided evidence to support benefits for the patients assigned to lower BP goals, it is important to note that on average, in neither trial was the goal met, and the systolic BP associated with the benefit observed in these trials was significantly higher than what is currently recommended (~140 vs Ͻ130 mm Hg) for patients with diabetes. 11 In fact, many of the major hypertension clinical trials published in the last decade have shown benefit with regard to cardiovascular and nephropathy risk reduction despite mean systolic BP higher than 130 mm Hg. 23 The Action to Control Cardiovascular Risk in Diabetes (ACCORD) study 24 randomized 4733 patients with hypertension to antihypertensive therapy that was considered either intensive (targeting a systolic BP of Ͻ120 mm Hg) or standard (targeting a systolic BP of Ͻ140 mm Hg) and evaluated risk for nonfatal myocardial infarction, nonfatal stroke, or death from cardiovascular causes over a mean follow-up of 4.7 years. Unlike HOT and UKPDS for which achieved BP exceeded the randomized target BP, ACCORD after a year of follow-up achieved a mean systolic BP in the intensive group of 119 mm Hg (95% CI, 118.9-119.7 mm Hg) and 133.5 mm Hg (95% CI, 133.1-133.8 mm Hg) in the standard group. This provided the first opportunity in a large randomized clinical trial to assess effects of achieving lower systolic BP in patients with diabetes. For the primary outcome, there was no difference comparing the intensive and standard therapy groups (HR, 0.88; 95% CI, 0.73-1.06; P=.20). Similarly, there was no difference comparing the groups with all-cause mortality and cardiovascular mortality. There was, however, reduction in risk of total stroke and nonfatal stroke observed in the intensive therapy group, although the overall annual stroke rate was very low (0.32% in the intensive group and 0.53% in the standard group). Importantly, the intensive therapy group had signficantly higher rates of serious adverse events attributed to antihypertensive therapy. 24 The ACCORD results are somewhat surprising, particularly in light of the favorable results observed in UKPDS with regard to lower BP targets. However, in ACCORD, patients had lower systolic BP at baseline than was achieved in UKPDS, 4 suggesting the benefit observed in the tight-control group of UKPDS was likely based on reducing systolic BP from a mean 160 mm Hg at baseline to 144 mm Hg, and there is less benefit going from an average baseline systolic BP of 139 to 119 mm Hg as was observed in ACCORD. 24 In the Appropriate Blood Pressure Control in Diabetes (ABCD) trial, 25 patients with diabetes were randomized to intensive vs moderate BP control groups. The mean BP achieved was 132/78 mm Hg in the intensive group and 138/86 mm Hg in the moderate BP control groups. 25 The ABCD investigators found that after 5 years, no difference existed between the intensive and moderate groups in the progression of diabetic retinopathy or neuropathy. The data points represent hazard ratios and the error bars, 95% confidence intervals for all-cause mortality in the diabetes cohort with average on-treatment systolic blood pressure of less than 130 mm Hg. The group represents those whose systolic blood pressure ranged from 125 to less than 130 mm Hg.
They also reported no difference in the rate of myocardial infarction, cerebrovascular events, or heart failure comparing the BP control groups. However, unlike in the present study, the ABCD participants in the intensive group had a significant reduction in allcause mortality. 25 This may be explained by ABCD patients being on average a decade younger than those in our study and that only half had any history of cardiovascular disease; whereas all INVEST participants had documented CAD and thus were a higherrisk cohort and were more susceptible to the adverse effects of lower BP. The overall all-cause mortality rate in ABCD was 8% compared with 12.2% in the diabetes cohort of INVEST.
Results from the Irbesartan Diabetic Nephropathy Trial (IDNT) suggested that after a mean follow-up of 2.6 years, in patients with diabetic nephropathy, 60% of whom had a history of heart disease, achieving a systolic BP of 120 mm Hg or less was associated with an increase in allcause mortality and cardiovascular mortality risk compared with those achieving systolic BP higher than 120 mm Hg. 26 The IDNT investigators concluded that BP of 120/85 mm Hg or less may be associated with an increase in cardiovascular events. 26 Although patients with creatinine levels of 4 mg/dL (to convert to µmol/L, multiply by 88.4) or more were excluded in INVEST, many had a diagnosis of renal impairment, and we observed a similar and significant increased mortality risk at systolic BP of less than 115 mm Hg.
The UKPDS performed an additional 10 years of follow-up that included in-person and questionnaire visits but no attempt to maintain previously assigned BP-lowering therapies. This long-term follow-up revealed a loss of the benefit realized in the tight-control group within the first 2 years after the study closed. When evaluating the 20-year period encompassing study and poststudy followup, there was no significant difference in the rate of any diabetes-related end point, myocardial infarction, microvascular disease, or all-cause mortality comparing the tight-control and lesstight control groups. 27 Our long-term follow-up data in the cohort of INVEST participants enrolled in the United States indicate that the increased risk of mortality observed in patients achieving tight control during study follow-up persisted in extended followup. Even though we have no BP data during extended follow-up, it is likely that patients were continued on the same or similar antihypertensive regimens and our data raise the possibility that continued maintanence of systolic BP lower than 130 mm Hg could be hazardous over the long term.
Our study has some limitations. This is a post hoc analysis and as such, represents observational data generated from a randomized, controlled clinical trial. We did not randomize a priori to the different systolic BP groups but rather categorized patients according to their achieved systolic BP within the context of the study. This could lead to possible sources of confounding. Individual patient characteristics over and above study treatment play a role in lowering BP. However, after adjustment for differences in baseline characteristics, there remained no difference in the risk of the primary outcome, nonfatal myocardial infarction, and nonfatal stroke comparing the tightcontrol with the usual-control group. Additionally, our data cannot be generalized to the population of patients with diabetes without CAD. However, as seen with ACCORD, conducting a randomized controlled trial to assess effects of lower systolic BP can also lead to possible sources of bias, including a priori sample selection with regard to level of BP and degree of cardiovascular risk at entry, which may play a role in the outcomes observed.
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